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1 Past Accomplishments

In the past three years of this program we have made contributions to a variety of
subjects. The highpoints are briefly summarized below. A list of papers supported partly
or wholly by this program is provided in Appendix A.

There were no inventions or commercially valuable products produced under the
activities supported by this program.

1.1 Jupiter’s Thermosphere

In late 1995, just prior to the entry of the Galileo probe to the Jovian atmosphere, we
undertook a review of data on the temperature profile of the upper atmosphere and came
to the conclusion that the thermal structure must be different from the currently accepted
model. We argued that all the data (H;" emissions, UV occultations, groundbased stellar
occultations, UV spectroscopy) could be understood if the Jovian thermosphere
possessed a strong temperature gradient right above the homopause. We further argued
that such a gradient was evidence that the jovian thermosphere was heated by gravity
waves (Yelle et al. 1996). In situ data from the Atmospheric Structure Instrument (AS])
on the Galileo probe verified the general properties of our prediction and also discovered
large amplitude gravity waves in jovian atmosphere (Sieff et al. 1996). We helped to
analyze the ASI data and determine the wave characteristics (Sieff et al. 1998, Young et
al. 1997) and estimated the heating rate due to dissipation of the waves by molecular
viscosity and thermal conduction (Young et al. 1998). Our heating rate calculations were
based on the theory developed by French and Gierasch (1974). Matcheva and Strobel
(1999) have criticized our approach; however, careful analysis of their work shows that
their calculations contain questionable approximations. This topic is discussed further in
Section 3.1.

1.2 Jupiter’s Stratosphere

We calculated the radiative heating rates in the jovian stratosphere at a latitude of 6
N, using the ASI data to constrain the temperature profile and observations of
hydrocarbon emissions to constrain their abundance. The motivation behind this work
was that the simultaneous constraints on temperature, composition, and aerosol properties
provided the opportunity for a more in depth examination of energv balance than had
been previously possible. We found that the stratosphere was close to radiative
equilibrium in the 0.3-3 mbar region, that emissions from C:H; and C,H¢ are important
terms in energy balance, and that C;H, is less abundant than predicted in the upper
stratosphere. The importance of C;H; and C,Hs and the well-established latitudinal
variations of these species imply that compositional variations with latitude may be an
important driver of stratospheric dynamics on Jupiter. This fact had not been appreciated
previously. A paper has been submitted to /carus and is being revised (Yelle et al. 1999).

1.3 UV Spectroscopy of Jupiter

We have made significant progress in the reduction, analysis, and interpretation of
HST/FOS spectra of Jupiter. To analyze the observations we have developed a radiative



transfer code that includes raman scattering in more accurate manner than in any previous
work. Our calculations calculate the effect of raman scattering directly, rather than
applying empirical corrections, a common technique in earlier studies. The only
approximations made are that raman scattering is treated as isotropic and that distribution
of H; quantum states is such that photons only lose energy in the raman scattering
process. We find that the consequences of raman scattering are large and have identified
numerous features caused by raman scattering in FOS spectra of Jupiter (Bétrémieux and
Yelle, 1999a). Our improved treatment has lead to tighter constraints on the distribution
of absorbers. The first application of our code to analysis of FOS spectra of Jupiter
determined that the C;H; abundance in the jovian atmosphere has a local maximum in the
troposphere of Jupiter. The abundance appears to be consistent with generation by
lightning (Bétrémieux and Yelle, 1999b). This is the most compelling evidence to date
for organic synthesis in the jovian atmosphere caused by lightning. We also determined
that NH;j is depleted in the upper troposphere relative to its vapor pressure (Bétrémieux
and Yelle, 1999b). '

1.4 Pluto

In the first year of the previous program we finished two projects related to the
abundance of CHj, in the atmosphere of Pluto (Stansberry et al. 1996a, Young et al. 1997)
and an in depth study of the emissivity of Pluto’s surface (Stansberry et al. 1996b).
Subsequently, we investigated the effect of the surface emissivity on the Pluto climate.
We find that, for a wide variety of conditions, the change in emissivity associated with
the phase transition in N; ice at 35.6 K buffers the atmospheric pressure to a value of
about 4 pbar. Thus, the “collapse” of the atmosphere as Pluto moves away from the sun
can be significantly delayed or avoided altogether.

1.5 Titan

Two separate projects on Titan have been completed. Along with Dr. Jane Fox we
calculated the coupled ion-neutral chemistry in the atmosphere of Titan (Fox and Yelle
1997). This work discovered that the dominant species in the ionosphere is likely a
complex hydrocarbon ion. This result is counter to previous investigations that found
H;CN" to be the most abundance species. We find that hydrocabon ions dominant
primarily because H,CN" reacts with C4H," to produce C4H;™ , which then reacts with
other hydrocarbons to create even more complex ions. This work makes important and
testable predictions for the Cassini INMS investigation.

Along with Drs. Henry Risbeth and Michael Mendillo we performed the study of
thermospheric dynamics on Titan (Risbeth et al. 1999). We find that, like the lower
atmosphere, the thermosphere of Titan should be in cyclostrophic balance with curvature
terms balancing pressure gradients. Coriolis and viscous forces are important but minor.
Ion drag is unlikely to be important. Moreover, the dynamical time constant is shorter
than a Titan day, suggesting that local time variations are small.



1.6 Brown Dwarfs

Along with collaborators Caitlin Griffith and Mark Marley, we completed an
analysis of the recently obtained visible spectrum of the brown dwarf Gliese 229B
(GI229B) (Griffith et al. 1998). We find that the opacity in the visible is due
predominantly to dust and HO and that both have interesting properties. The dust is
reddish in color and therefore different from refractory minerals that are observed in
atmospheres of cool stars. Instead the optical properties of the dust is similar to the
aerosols in our own outer solar system. Pursuing this analogy with the outer solar
system, we investigated a photochemical origin for the dust and find that photochemistry
initiate by UV radiation from the primary star may explain the observations, provided
that the vertical mixing rate in the atmosphere is slow. We also found that the abundance
of oxygen in G1229B was roughly a factor of 3 less than solar. Our work emphasizes the
similarities between planetary stratospheres and the photospheres of brown dwarfs.
Subsequently, we reanalyzed the spectral signature of CO from GI229B obtained by Noll
et al. (1997). CO on GI229B is a puzzle because it is present with a abundance much
greater than predicted by thermochemical equilibrium (Noll et al. 1997). We found that,
as on Jupiter, transported from deeper levels by to the visible atmosphere can explain the
observations. However, because the thermochemical region on G1229B is much closer to
the visible atmosphere than on Jupiter only weak vertical mixing (K~103 cm’s’) is
required to explain the observations (Griffith and Yelle, 1999a). This is consistent with
our conclusion on the photochemical origin of the dust. We have also analyzed cesium
features in the spectrum of GI229B and find that the best match to the data is obtained if
Cs is depleted relative to solar by a factor of 8 (Griffith and Yelle 1999b).
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